The class of 3-hydroxy-4-pyridinone ligands is widely known and valuable for biomedical and pharmaceutical purposes. Their chelating properties towards biologically-relevant transition metal ions highlight their potential biomedical utility. A set of 3-hydroxy-4-pyridinone Zn(II) complexes at different concentrations was studied for their ability to interact with lipid phases. We employed umbrella sampling simulations to attain the potential-of-mean force for a set of ligands and one Zn(II) complex, as these permeated a 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) hydrated bilayer system. In addition, we used conventional molecular dynamics simulations to study the behavior of various Zn(II) complexes in hydrated bilayer systems. This work discusses: (i) the partition of 3-hydroxy-4-pyridinone ligands to bilayer phases; (ii) self-aggregation in crowded environments of Zn(II) complexes; and (iii) possible mechanisms for the membrane translocation of Zn(II) complexes. We observed distinct interactions for the studied complexes, and distinct membrane partition coefficients (K mem ) depending on the considered ligand. The more hydrophobic ligand, 1-hexyl-3-hydroxy-2-methyl-4(1H)-pyridinone, partitioned more favorably to lipid phases (at least two orders of magnitude higher K mem when compared to the other ligands), and the corresponding Zn(II) complex was also prone to selfaggregation when an increased concentration of the complex was employed. We also observed that the inclusion of a coordinated water molecule in the parameterization of the Zn(II) coordination sphere, as proposed in the available crystallographic structure of the complex, decreased the partition coefficient and membrane permeability for the tested complex.
Introduction
The class of 3-hydroxy-4-pyridinone (3,4-HPO) ligands is widely known and valuable for biomedical, environmental and agricultural applications. [1] [2] [3] Their value lies in the chelating properties they possess for distinct and biologically-relevant transition-metal ions, such as copper, zinc, and iron. Fig. 1 illustrates the chemical structure of a dataset of 3,4-HPO ligands that were studied in this work. The hydroxyl and ketone groups in the ring are responsible for the strong chelating properties associated with these compounds. An additional and very important characteristic of these ligands is the fact that they can incorporate different hydrophilic/lipophilic substituents with no signicant alteration of the stability constants for the metal ions.
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Currently, the compound 1,2-dimethyl-3-hydroxy-4-pyridinone (Hdmpp), commercially known as deferiprone, is successfully used in the treatment of iron overload disorders, such as b-thalassemia. Several other 3,4-HPO ligands have been pointed out as regulators of iron and copper homeostasis. 7, 8 Their role in zinc homeostasis has been also highlighted. 8 Since zinc is an essential metal ion for most organisms, it could play a central part in several diagnostic and therapeutic purposes. Its administration seems to be benecial in some specic situations, such as the use of Zn-citrate to prevent dental plaque formation, or the employment of zinc isotopes in radiopharmaceutical therapies. Interestingly, when complexed with citrate, several EDTA-derivatives, and 3,4-HPO ligands, zinc is much more well absorbed than the simple aqueous inorganic ion and its phytate complex. 9 However, the exposure to high levels of zinc may cause acute zinc intoxication. Although this is a rare incident, the toxic effects of this metal ion due to long-term and excessive supplementation delays the uptake of copper, which is associated with several pathologies and neurodegenerative diseases.
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In fact, the ability of 3,4-HPO ligands to chelate bio-relevant metal ions such as Cu(II), Zn(II) and Fe(III) is being investigated for potential use in Alzheimer's disease, due to their ability to disrupt amyloid-beta aggregates through the interaction with the metal ions in plaques. 8, 11 Furthermore, other pharmaceutical purposes were identied for 3,4-HPO ligands as appropriate chelators and carriers of the zinc metal ion. For example, some 3,4-HPO Zn(II) complexes had an insulin-like action. In particular, the bis(1,2-dimethyl-3-hydroxy-4(1H)-pyridinonate)Zn(II) complex signicantly decreased the blood glucose levels in in vivo experiments. 6 The same Zn(II) complex has showed potential anti-inammatory properties due to its ability to inhibit the neutrophil's oxidative burst. Hence, Zn(II) complexes may also be valuable assets for the treatment of the oxidative damage in several disorders, having advantages over inorganic zinc in terms of bioavailability and pharmaceutical efficacy. Lastly, other zinc complexes (complexed with Hdmpp and other 3,4-HPO ligands) were also pointed out as potential inhibitors of the Zn(II)-dependent matrix metalloproteinases, which are oen related with cancer and inammatory diseases.
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Zinc complexes may occur in different coordination numbers (most typically of four, ve and six), which are characterized by fast ligand exchange. 13, 14 The crystallographic geometry of a Zn(II) ion complexed with the Hdmpp ligand has been characterized. 9 Within this complex, the zinc is ve-coordinated with a distorted square-pyramidal geometry. However, distinct ve-coordination geometries were also found for a few zinc complexes, as the Zn(II) complex coordinated with one Hdmpp ligand into a mixed hydro-tris(3,5-phenylmethylpyrazolyl)borate ligand system, which presented a distorted trigonal bipyramidal geometry.
12 This geometry is also prevalent in the catalytic sites of several metalloenzymes, such as the angiotensin converting enzyme, 15 matrix metalloproteinases, 12 and a modelled carbonic anhydrase. 9 Furthermore, a few zinc complexes also showed six-coordination geometries, such as Zn(II)-bis-maltolate 9 and zinc complexed with 3-hydroxy-2-methyl-1-phenyl-4(1H)-pyridinone. 8 The latter crystalized as a tetramer with four metals per eight ligands, and possessed two different zinc centers: (i) one that was coordinated to two ligands and one water molecule in a ve-coordinated distorted square-pyramidal geometry; (ii) the other coordinated by six oxygen atoms from three ligands, adopting a distorted octahedral geometry.
To evaluate the eventual use of 3,4-HPO ligands for Zn(II) removal and carriage, information about lipophilicity, their partition and translocation properties in water-membrane phases is extremely important. 16 While a lipophilic chelator might decrease intracellular metal ion stores, as they penetrate cells more readily; the activity of hydrophilic chelators is more limited to extracellular metal ion pools and their renal excretion should be facilitated. Conversely, lipophilic chelators may also redistribute toxic metal ions to more vulnerable organs.
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Hence, lipophilicity is a crucial aspect to consider when developing chelating agents.
Several structures of Cu(II) complexes in solution were previously characterized by electron paramagnetic resonance (EPR) spectroscopy, where the affinity for hydrophobic environments was also studied. 7 However, considering that the Zn(II) ion is "EPR-silent", a computational approach was used to characterize the interactions of a set of 3,4-HPO Zn(II) complexes (and respective neutral ligands of different lipophilicities) with hydrated bilayer systems, and their partition between the bilayer and water phases. Both conventional and enhanced sampling molecular dynamics (MD) simulations were employed to this regard. Although we have focused on Zn(II) complexes, by also studying the lipophilicity of the chelating molecules, this study has a wider applicability, since these agents are also known to chelate other relevant metals, such as iron and copper.
Methods

Parameterization of Zn(II) complexes
We have followed a bonded model approach for the parameterization of the zinc complexes detailed in Fig. 2 . 19 The methodology has been previously described in the literature in full detail. 20 The parameterization for the metal coordination sphere of the Zn(II) complexes shown in Fig. 2 was based on the available X-ray structure of complex 2, [Zn(dmpp) 2 Wat]. 9 The geometry was optimized with B3LYP/6-31G(d,p):SDD (mixed basis set with the effective core potential SDD on zinc and all electron orbitals on the other atoms); linear transit scans (at the same level of theory) for bonds and angles involving zinc were conducted for extracting the harmonic force constants. Dihedral parameters were zeroth, as customary in this bondedmodel approach. The derived force constants were then applied to every complex detailed in this study. The equilibrium bond distances and angles were taken from the optimized values of each complex (these have not presented relevant deviations among the entire set of complexes). Non-bonded van der Waals parameters were extracted from the literature. 21 For atomic point charge calculations, a RESP approach 22 was used with the B3LYP/6-311++G(3df,3pd) level of theory in previously B3LYP/6-31G(d,p):SDD optimized structures. The two 3-hydroxy-4-pyridinone (3,4-HPO) ligands in each complex were considered charge and parameter equivalent (force constants and equilibrium bond distances were averaged). Additionally, 1-4 interactions involving the water ligand hydrogen atoms were excluded, to maintain the overall geometry of the complexes. Otherwise, the square based pyramidal geometry was compromised. The different protonated ligands of the Zn(II) complexes (see Fig. 1 ) were parameterized with the GAFF 23 using the ANTECHAMBER suite available in the Amber 12 soware.
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Full details over the parameterization of the simulated molecules are enclosed in the ESI section (see ESI, Fig. ESI-1 †) . Quantum-mechanics calculations were performed with the Gaussian 09 soware. 25 
Membrane models and their stability
The membrane systems employed in this study were modelled with the SLipids FF. 26, 27 This FF has provided excellent results over geometry and energetics, 28 comparing to other available FF options in the literature, such as CHARMM36, 29, 30 or GAFFlipids. 31 Two membrane models were employed: (i) one comprising 32 DMPC phospholipids per layer (32 : 32 model); and (ii) a second model containing 150 DMPC lipids per layer (150 : 150 model). Hydration level was close to 50 water molecules per lipid (as typically employed in the literature). Additionally, NaCl (0.15 M) was added to the system. These two models were constructed with the CHARMM-GUI webserver.
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Aer generating the initial model structures, these were submitted to geometry optimization and 100 ns conventional molecular dynamics (cMD) in the conditions described subsequently. Their geometry and dynamic stability were assessed, considering available experimental data. Overall, the two models showed a close resemblance to experimental results (see ESI, Table ESI 33-39 The last structure from this stage and for both models, was employed in the subsequent analysis of the partition of the compounds in Fig. 2 , or respective neutral ligands in Fig. 1 .
Conventional molecular dynamics (cMD) simulations
As described previously, two membrane models were employed in this study. These were both used for cMD simulations of the complexes in Fig. 2 . The complexes were inserted in the hydrated bilayer systems. For the 32 : 32 DMPC system, only one complex was modelled in the simulation box. It was placed in the water phase on top of one of the layers, and energy minimized and equilibrated for 20 ns (with position restraints). Subsequently, the restraints were removed, and each system was simulated for 140 ns (the [Zn(heepp) 2 Wat] complex was simulated an additional 40 ns, since no insertion was observed within 140 ns of simulation). A similar protocol was applied to the 150 : 150 system. However, instead of one, four complexes were inserted on top of each layer (a total of eight complexes). Each system was simulated for 140 ns as well. For the 32 : 32 and 150 : 150 systems, the complexes' average concentration in the simulation box was 9.98 AE 0.01 mM; and 16.13 AE 0.01 mM, respectively.
The employed protocol conditions were as following. All simulations were performed with the GROMACS soware (version 5.1). 40, 41 The molecules' parameters (generated previously) were converted to gromacs topology les through the acpype.py script.
42 The TIP3P water model was employed, as it is frequently employed with AMBER-generated parameters. Simulations were performed taking advantage of native GPU acceleration with the Verlet cut-off scheme. A non-bonded cutoff value of 1.2 nm was employed. The LINCS constraint algorithm was applied to all bonds, 43 which allowed for an integration time step of 2 fs. Temperature was set to 310.15 K with the V-rescale thermostat, 44 and a semi-isotropic pressure scaling to 1 atm was maintained with the Parrinello-Rahman barostat (mimicking physiological conditions). 45, 46 Periodic boundary conditions were considered. Long-range electrostatic interactions were treated by a Particle Mesh Ewald (PME) scheme.
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The results were analyzed with GROMACS tools, and simulations were animated and visually inspected with the VMD program (version 1.9). 
Potential-of-mean force (PMF) simulations
Molecules of interest were positioned on the water phase on top of one of the layers of the membrane of the previously equilibrated DMPC 32 : 32 system. The system was then minimized and equilibrated for an additional 20 ns with the molecule's atomic positions restrained. A constant-force pulling simulation along the normal of the bilayer was performed, for a maximum of 10 ns and with force constants ranging from 35 to 90 kJ mol À1 nm À1 . When the center of mass (COM) distance along the bilayer's normal between the solutes and the bilayer was À0.2 nm -this corresponded to a position immediately below the bilayer's COM (at 0.0 nm), each compound was restrained with an umbrella potential and equilibrated for an additional 15 ns. The compounds were then pulled in the reversed direction (of the previous pull) towards the water slab, in similar conditions as previously discussed. Pulling from the middle of the bilayer to the water phase has been described in the literature as a faster converging protocol than the opposite situation. 49, 50 This second pull-simulation was used to extract conformations spaced by 0.1 nm, considering the COM distance between the solutes and the bilayer, thus describing our reaction coordinate for the umbrella sampling (US) simulations. 
Results and discussion
The results and discussion section were divided into two parts. The rst part discusses the partition coefficients of each uncomplexed neutral ligand (see Fig. 1 ) between the water and the bilayer phases (K mem ). We also evaluated the inuence of zinc complexation on the partition coefficients considering one of the ligands, 1,2-dimethyl-3-hydroxy-4-pyridinone (Hdmpp), by evaluating the partition of the corresponding Zn(II) complex (complex 2, see Fig. 2 ). To our knowledge, this was one of the rst studies that has produced PMFs for the translocation of transition-metal complexes. The partition coefficients were calculated from the PMFs generated with US simulations, as the molecules permeated the bilayer. In the second part, we address the results considering the cMD simulations of each Zn(II) complex in two simulation settings: (i) starting with only one complex in the water phase (in a 32 : 32 hydrated bilayer system); and (ii) starting with eight complexes in the water phase (in a 150 : 150 hydrated bilayer system). We wanted to evaluate if all complexes penetrated the bilayer phase (and how deep was their insertion into the bilayer), and the impact of an increased concentration of the complexes in the water phase.
Potential-of-mean force (PMF) results
With the PMFs we can calculate partition coefficients and to know the affinity of the compounds for each region of the system (along the reaction coordinate), as they permeate the bilayer. The binding free energy can be obtained from the PMF, using the following expression: 
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In addition, by comparing minimum and maximum free energies values, one can qualitatively predict which compound should permeate the membrane faster. In Fig. 3 , we display the PMF for the ve neutral ligands shown in Fig. 1 (see Fig. 3b ). We also depict the four membrane regions (see Fig. 3a) , as described in similar works.
53 These were dened taking into account specic densities of the hydrated bilayer system: region I, containing only hydrophobic lipid tails; region II, containing both hydrophobic tails up to the intersection of the choline and lipid tails groups' region; region III, where the systems' density has its peak up to half the density of the choline group; and region IV, comprised mainly of bulk water and the beginning of the polar head-group region of the lipid bilayer.
From the PMFs we observed that Hhexylmpp presented the highest affinity for the membrane phase. Next, came Hdepp and Hheepp with the former showing the highest affinity among the two. Lastly, the compounds showing the lowest affinity for the bilayer were Hmpp and Hdmpp. The region in which they preferentially were located -corresponding to the minimum of the PMF, was region II or the interface between regions II and III (in the case of the Hmpp ligand). Region II is the most heterogeneous region containing both hydrophobic and hydrophilic (both lipid and some water molecules) components. Overall, the partition followed the hydrophobicity of the compounds, in which the neutral ligands with the most hydrophobic substituents, Hhexylmpp and Hdepp, showed the highest partition to the membrane. With one hexyl group substituent in the 3,4-HPO ring, Hhexylmpp showed a partition at least two orders of magnitude higher, in terms of K mem , relatively to the other neutral ligands.
To evaluate the differences between ligands and respective Zn(II) complexes, we have also assessed the partition considering one test case -complex 2: [Zn(dmpp) 2 Wat]. The results shown in Fig. 3 (see Fig. 3c ) support that the Zn(II) complex had a higher affinity to the bilayer than the respective neutral ligand (in this case Hdmpp). However, the barrier to cross was higher when a water molecule was also coordinated to zinc(II), making a penta-coordinated complex. In this case, the results could be hampered by the bonded model approach used here. We cannot exclude the loss of the axial water ligand as these complexes translocate the bilayer. If this happens, we would expect a smaller barrier for crossing for the tetra-coordinated zinc complex. Also, as six-coordinated Zn(II) complexes (two axial water ligands) have also been described for pyranone derivatives, 9 we cannot exclude possible changes of the coordination of these complexes in more hydrophilic environments.
We have not accessed to what extent is the chelation inu-enced by the media, and this is scarcely discussed in the literature (the discussion always prevails in terms of pH speciation). We would expect that these Zn(II) complexes could be inu-enced by the surrounding media, as proposed by others. 8 In that sense, we have performed a PMF estimate for the tetracoordinated Zn(II) complex 2, in order to study its partition within the bilayer. The PMFs in Fig. 3 (see Fig. 3c ) comparing both tetrahedral and distorted square-based pyramidal Zn(II) complex 2, showed that the tetra-coordinated complex presented a higher affinity to the membrane phase, particularly considering regions I and II. This was in accordance to our initial supposition. By calculating the radial distribution function (RDF) and following the number of water molecules surrounding the zinc(II) ion along the umbrella sampling reaction coordinate (the bilayer's normal), we saw a distinct prole when comparing [Zn(dmpp) 2 Wat] and [Zn(dmpp) 2 ] (see ESI, Fig. ESI-4 †) . On the one hand, we saw that [Zn(dmpp) 2 Wat] was able to extract more water molecules as it permeated the bilayer, which can justify its lower affinity to regions I and II of the hydrated bilayer system. On the other hand, for the umbrella sampling simulation of [Zn(dmpp) 2 ], fewer water molecules were found in region II, and almost no water molecule was found in region I (considering a 0.36 nm range distance to the zinc atom).
Membrane binding free energies and log K mem values are also shown in Table 1 . We saw that the ligand with the highest partition constant and affinity to the bilayer was Hhexylmpp. In addition, it was also apparent the highest log K mem of complex 2, relative to the isolated neutral ligand that constitutes the complex, Hdmpp. The lipophilicity of the complexes is always increased since more than one ligand are usually present. For Zn, two ligands are present, and the external solvation sphere bears two ligands. The effect is even more noted for Fe complexes since the stoichiometry is normally of 1 : 3. The partition of the tetra-coordinated Zn(II) complex, [Zn(dmpp) 2 ], was also higher than the respective distorted square-pyramidal complex, [Zn(dmpp) 2 Wat].
Orsi M. and Essex J. W. 55 have proposed a qualitative assessment of the permeability of compounds. They dened the propensity of a compound to cross the membrane using a "permeability predictor", P DG , dened through the following expression:
where DG max and DG min are maximum and minimum values of the permeant's PMF, and k B T the standard free energy factor given by the product of the Boltzmann constant, k B , with the temperature, T. The results indicated that permeability is higher for the neutral ligands Hdmpp and Hdepp, and for the tetra-coordinated Zn(II) complex, [Zn(dmpp) 2 ]. We also saw that the permeability was substantially reduced for the pentacoordinated Zn(II) complex, [Zn(dmpp) 2 Wat]. Obviously, these determinations of permeability are highly qualitative, and improved estimates including the determination of diffusivities would be necessary to provide more quantitative results. However, methods for doing so are still prone to pronounced discrepancies with experimental reference data, as these require long equilibration times and extended analysis.
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Regarding the fast ligand exchange and exible coordination number observed for some zinc complexes, it is probable that the [Zn(dmpp) 2 Wat] complex may lose its axial water when entering the membrane. There is also experimental evidence of de-metallation of zinc-salophen complexes through interactions with phosphate groups of large unilamellar vesicles of POPC. 58 In addition, the Zn(II) stability constants for the 3,4-HPO ligands are much lower (105 times) than those of Cu(II), 7 which may be related to an easier change in the zinc complex coordination number.
Zn(II) complexes' distribution and self-aggregation in hydrated bilayer systems
Five Zn(II) complexes were chosen to study their interaction with lipid phases, here modelled as bilayers composed of DMPC phospholipids. These ve Zn(II) complexes, coordinated to different 3,4-HPO ligands, were specically chosen due to their proved success as metal chelators for iron and copper metal ions. 7 In addition, their distinct lipophilicities will allow to rationalize which are the most suitable complexes for transporting zinc across biological membranes. In the present study, we have used the crystallographic geometry of a Zn(II) ion complexed with the dmpp 3,4-HPO ligand, as a starting structure. 9 Within this complex, the zinc is penta-coordinated with a distorted square-pyramidal geometry (see Fig. 2 ). The metal ion coordinates both dmpp ligands (with the hydroxy and ketonic oxygen atoms in a trans-chelating orientation) and one axial water molecule. Although six more water molecules are present in the crystal, these do not interact directly with the zinc ion.
Initially, each complex was simulated in a hydrated 32 : 32 lipid bilayer system. In Fig. 4 , we show the center-of-mass position of each complex relative to the bilayers' normal. As a reference, we also show the average center-of-mass position of all phosphorus atoms present in the corresponding layer.
The different Zn(II) complexes were purposely placed distant to the bilayer to evaluate their affinity for the lipid phase. We observed a deep bilayer insertion of the complexes 1, 2, 3 and 5 within the 32 : 32 membrane model, whilst complex 4 ([Zn(heepp) 2 Wat]) showed a smaller insertion in the studied time window. An increased polarity of the substituents of the pyridinone ring could justify the higher affinity for the water phase, or to the more polar region of the bilayer. These results seem also consistent with one EPR study on 3,4-HPO copper(II) complexes, Table ESI-2 †) . Relatively to the deuterium order parameters, a slight decrease was observed for [Zn(hexylmpp) . This is indicative of a higher disorder of the acyl chains. The increase in the area per lipid was also more substantial for this complex. More drastic effects should be expected in the presence of a higher number of metal complexes. To better understand the partition of the Zn(II) complexes to membrane phases, we have decided to increase the concentration of the complexes in water. Doing so, we were closer to experimental conditions, and so to the crowded-environments that could play a role in the dynamics of these compounds. For this situation, eight complexes were studied in each simulation setting. It is interesting to observe the self-aggregation between molecules of Zn(II) complexes as shown by the panels in Fig. 5 , representing the last structure of the cMD simulation of the 150 : 150 system for each studied complex. We saw that complexes 2 to 5 are prone for self-assembly, especially complex 5, in which seven of the eight complexes in solution were aggregated. The more hydrophobic character of their substituents (relative to the other complexes) is probably inducing this behavior.
Similar self-assembled behaviors were observed for other Zn(II) complexes by experimental techniques, such as X-ray data, NMR, UV/vis and circular dichroism (CD) spectroscopic data. As already mentioned, the Zn(II) complex with the 3-hydroxy-2-methyl-1-phenyl-4(1H)-pyridinone ligand crystalizes as a tetramer with four metals per eight ligands, 8 while the bis(-salicylaldiminato) Zn(II) and trans-1,2-diaminocyclohexane Zn(II) Schiff-base complexes aggregate either in solution or in solid state, creating supramolecular structures. 59 Transmission electron microscopy (TEM) and scanning electron microscopy (SEM) also revealed the formation of self-interacting structures of Zn(II) salphen complexes, in which the zinc center of one salphen unit interacts with the phenolic oxygen of another one, forming dimeric assemblies.
60
The membrane deuterium order parameters were also analyzed for the cMD simulation with eight [Zn(mpp) 2 Wat] complexes, because this was the only case where all complexes were interacting with the membrane in the last stages of the simulation. We did not observe signicant changes in the order parameters of the acyl chains (see ESI, Fig. ESI-5 †) . This could be related to the more hydrophilic character displayed by the Hmpp ligand, which could limit the penetration of the complex into the membrane.
Conclusion
The results of this multi-approach computational study have helped us to infer about the partition of 3,4-HPO ligands and of the respective Zn(II) complexes to lipid phases. By developing the simulations in a bilayer system, rather than using octanol/ water systems, we can better correlate with biological membranes.
Of the studied ligands, the ligand with the highest partition to the bilayer was Hhexylmpp, with at least two orders of magnitude higher K mem when compared to the other ligands. Its zinc complex, [Zn(hexylmpp) 2 Wat] was also prone to selfaggregation, when a higher number of complexes were simulated. Since we have studied the partition of the isolated chelating molecules, and these are known to chelate other metals than solely Zn(II) ions, this study has a broad appeal.
Furthermore, we saw that the partition of the corresponding zinc complex (considering one of the studied ligands, Hdmpp) had a higher partition than the isolated ligand. We have also discussed possible mechanisms for the permeation of Zn(II) complexes. Namely, we discussed the possibility of axial ligand (water molecule) loss that could increase the permeability of the complex. To our knowledge, this was one of the rst studies that has produced PMFs for the permeation of transition-metal complexes. Conversely, although this approach helped us to study the partition and qualitatively assess the permeability of the zinc complex with Hdmpp, we could not describe possible ligand-exchange phenomena upon membrane permeation, because we used a bonded model approach. Other approaches, such as non-bonded force eld models, or multi-resolution quantum mechanics/molecular mechanics (QM/MM) methods could provide the necessary details on this aspect. Indeed, some authors have described the dynamics of zinc(II) complexes in solution using ab initio MD.
14 Future efforts on this aspect could be quite interesting to explore.
We also evaluated the self-aggregation of Zn(II) complexes in hydrated bilayer systems, as we increased the concentration of the complexes in the media. We observed that more hydrophobic Zn(II) complexes were prone for self-aggregation. This might inuence the partition and permeation of the complexes. Although some computational studies have explored the solubility of solutes in membrane models, few have explored the effects of self-aggregation to membrane partition. 61, 62 The stacking of uoroquinolones, for instance, has been speculated to inuence the partition to the membrane, since the electrostatic potential of the stacked uoroquinolones would be reduced.
62 Drug aggregates were also described to delay membrane penetration. 63 Hence, future studies addressing the impact of self-aggregation to the partition and permeation of these chelating agents should be an important venue of research.
The impact of 3,4-HPO ligands to biomedical applications has already been extensively described in the literature. We provided yet another level of information that can have a direct impact in the research comprising these molecules, and considering a set of Zn(II) complexes that are oen "silent" in experimental throughputs. These results can help to a more directed experimental approach focused on this class of compounds.
Conflicts of interest
There are no conicts to declare.
